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Description of the Invention 

1. Name of the Invention 

Manufacturing Method for High Melt Point Glass Body 

2. Scope of the Claims 

Manufacturing method for the preparation of high melt point glass body characterized by 
the fact that a sintered body from a mixed material that is an A1203 - Ln203 system 
(where Ln represents rare earth metal dement and yttrium element), which is difficult to 
fonn a glass state, and which is formed as relative to the fine powder material «- 
A1203» one type or two or more types of any Ln203 tine powder matenals, are added, is 
heated at a temperature of approximately 2S00oC or higher, and preferably at a 
temperature of SOOOoC or higher using an arc plasma flame, and it is meited» and this is 
then rapidly cooled and a transparent to visible light beam ceramics glass body is 
obtained continuously. 

3. Detailed Description of the Invention 

The present invention is an invention about a large scale manufacturing method where a 
high melting point oxide material, which is difficult to form a glass state, and its system, 
are melted by using an arc plasma flame and this material is supplied in the gap between 
cooling rolls that are rotating at a high speed, and it is rapidly cooled and it becomes a 
material in a glass State, and a ceramic glass body that is transparent to visible light is 
obtained. 

Among the many oxide compounds, as it is well known, as the components that easily 
form a glass state there are B203, Si02, Ge02, P205, As205, etc. The present invennon 
is an invention whereby relative to this, improves the rapid coohng methods used 
according to the previous technology relative to the oxide compounds and their systems, 
which are difficult to form a glass state, like for example, A1203 - Ln203 (where Ln 
represents rare earth metal element and yttrium element), and it uses an arc plasma flame 
and an impact quenching etc.. high speed cooling method, and it realizes a new Al-Ln-0 
glass state. 

Namely, it is an invention that suggests a manufacturing method for the preparation of a 
glass body from an A1203 - Ln203 system (where Ln represents rare earth metal 
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dement and yttrium element), which has been said to be difficult to fonn a gls^s state 
according to the previous technology, and according to the present ^^^^^^lon first a 
sinteitsd body which is fonned as relative to the fine powder material of Cf-A1203 one 
Z^^tZlt more types of any Ln203 fine powder materials, are added, is heated at a 
temperature of approximaicly 2500oC or higher, and preferably f^^emperatu^^^^^^^ 
30000C or higher using an arc plasma flame, and it is melted, and this is then rapidly 
cooled, for ex^ple by the method where it is supplied in ihe gap between coohng rolls 
rotating at a high speed, and a transpaieni to visible light beam ceramics glass body is 
obtained continuously. 

Here below, an explanation will be provided relative to the manufacturing of A1203 - 
Ln203 system glass body. 

Granulated below 325 mesh (45 microns), fine powder form, high melting point oxides of 
Or A1203 and Ln203 were mixed at different mole ratios, and sintered bodies with a 
cylindrical shape with dimensions of 3 mm diameter x 30 mm, were formed. This 
sintered bodies were placed in a chuck and their edges were melted by a two stand arc 
plasma flame and the molten material flowed in the gap between two rotating at a high 
speed rollers of an inner part cooUng device and by that it was possible to produce a 
transparent to the visible light experimental material with a thickness of approximately 1 
micron and a diameter of approximately 50 mm. Regarding the mole ratio of the a- 
A1203 and the Ln203 in this case, it is preferred that the ratio of the Ln203 relative to I 
mole of a-A1203 be within the range of 0,1 - 10 moles. Naturally, when both matenals 
are used individually a glass body is not obtained. The fact whether or not the obtained 
by this method experimental material is a glass material was studied by using a polarized 
light microscope, an X- Ray diffraction and an electron microscope. According to the 
method using a polarized light microscope, the experimental matenal was placed in the 
space between orthogonal Nicol and an orthoscopic observation was conducted. For the 
experimental material, even if the stage was rotated, a change in the image contort was 
not observed. Then, for the X ray diffraction image and for the electron beam diffraction 
image only a halo image was observed. In the viewing filed by the electron microscope 
there was no intervening material observed. In Figure 1 the electron beam diffraction 
image (Figure 1 - 1) of the experimental material from the Al-Ln-0 system and its planar 
viewing field image (Rgure 1 - 2), arc presented. The phenomenon of crystallization of 
the Al-Ln-0 system experimental material by subjecting it to a thermal treatment at a 
temperature of lOOOoC for different number of hours was studied by using X ray 
diffraction. The results fi^m that are shown in Figure 2. From the above-descnbed 
observations it is possible to deiennine that the experimental material obtained by using 
the above-described equipment is a glass material. Regarding such glass matenal, it is 
possible to obtain various compositions of the Al-Ln-0 system, and the elements that are 
represented by the above described Ln are La, Ce, Pr. Nd, Pm, Sm, Eu, Gd, Tb, Dy. Ho, 
Er, Tm, Yb, Lu and Y. Regarding the produced glass material, it is transparent relative to 
visible light, and also, regarding the Ln element, usually, the elements that are present in 
a third valency arc stable, however, among the Al-Ln-0 glass materials, the materials 
where Ln is Sm, Eu and Yb and these elements are present in a bivalent state, it is 
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considei«l thai a coloiation is developed. In Figure 3 the obtained glass material is 
presented. 

The coloration of the obtained Ln-Al-O system glass is aiicording to the described here 
below. 

Ln-Al-O 



La-Al-O 



colorless 

o Ain colorless 
^ t n pale green color 



Pr-Al-0 
Nd-AI-O 

lu'SS paleyellowcolor 



pale blue color 
brown color 



Gd-Al-O "^'^l!^' 
Tb-Al-O 

TN, Ai colorless 

^tS^ . pale orange color 



pale brown color 

Lu-AUO 
Y-Al-O 



colorless 
pale brow 
colorless 
colorless 



Regarding the glass materials that is obtained by using the above described glass matenal 
manufacturing installation, and using an oxide material or its system that are difficult to 
form a glass state irrespective of the type of the used Al-Ln-O system, it is anticipated 
that they are materials that have properties that are different from those of the^ass 
materials obtained according to the previous technology from glass, B203, Si02, etc., 
and it is considered that from the standpoint of the optical, electric and ma^ehc 
pTopcrdes, they are materials that can play an extremely important role in the different 
aspects of the electronic memory related technologies and also in other processmg 
technologies. 

Practical Elxamples 

The manufacturing of high melting point ceramic glass materials uses the equipment 
presented according to Figure 4. Here below an explanation wiU be provided by usmg the 
figure. 

In the figure, 1 represents a chuck whereby in order to produce the glass material, the 
sintered body experimental material can be moved in the up and down direction withm 
the diagram. Also, in the figure, 2 represents ihe sintered rod. The material used m order 
to obtain the glass materia^ is a material where less than 325 mesh dispersity, fine 
powder form a-Al203 and Ln203, for example. La203. powder are weighed at the 
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concsoonding mole ratio, and after that these are well mixed and combined by using a 
this material is pn«s molded in a cylindrical shape with dimensions 
^ 3 mm dlU^^ X 50 mm. and this cylinder shape material is sintered at a temp^^^^ 
of approximately lOOOoC for a period of 20 hours in an air atmosphere. The cylmder 
shaped sintered material body2ts grasped by the chuck 1 sothat as shown accoidmgto 
the presented in Figure 1, its front end is introduced mto an arc P^^"^ J^^^^;;^^^^ 
repLents argon aic plasma flame (with a temperature of at or above approximately 
rfc, and^t is at a temperatun. of appn,ximately 2500OC or above a^ 
is at or above approximately 3000oC. 4 represents the arc plasma nozrfe. 5 "^F^scnts the 
i^ller where thlTnner part is cooled by water, and that rotates at 1000 T>™^^^ ^i^^^^^^ 
where by the motion in the left and right direction, it is possible to adjust the th^ctoess of 
the glass material. The molten material obtained from the sintered body enters m the ct> 
between the two rollers that are rotating ai a speed of approximately 1000 rpm, and from 
the rollers, a transparent glass material with a thiclcness of approximately 1 micron, is 
obtained. The obtained glass material has a diameter in the range of 50 - 100 mm. 
Moreover, the details of the cooling part are shown in Figure 5. 6 (m Figure 4) lepicsents 
the experimental material controlling device, 7 represents the produced glass material. 
This glass material is collected in the receptacle tray 8. 

In Figure 5, 9 represents the motor used for the rotation, 10 represents the entrance in the 
cooUng part where the cooling part used cooling water is transported, 1 1 represents its 
exit opening. The cooling water enters through the above described opening 10 close to 
the roller inside part separation wall 12 and it cools the roller surface. The water that has 
a somewhat higher temperature is directed to exit through the exit openmg 1 1 by 13, 
which is close to the axis part. 

Moreover in Figure 6, a schematic diagram is shown of the essential parts of the device 
generating the above described argon arc plasma. If we are to provide a simple 
description, through the protection gas nozzle 14, as a protective gas 15, for example, a 
mixed gas containing 93 volume % Ar and 7 volume % H2 is used. 16 represents the melt 
injection head. 17 represents the cooling water. 18 represents the plasma gas (Ar). 19 
icpiesents the a tungsten electrode (- electrode), 20 represents a high frequency wave, 21 
represents the electric souice for the pilot arc, 23 represents the electric source for the 
melt injection arc. 23 represents a switch, 24 represents an arc plasma flame, 25 
represents a (+electrode)- 

Aftcr that, the glass material that is obtained by using this equipment is presented in 
Figure 3. 

In the case of this glass material, it can obtained from all rai€ earth type elements and 
yttrium element (Y) and also, it can obtained from almost all the mole ratios of the a- 
A1203 and Ln203, however, it is preferred that relative to 1 mole of the a-A1203, the 
amount of the Ln203 is within the range of 0.1 ~ 10 moles. The confirmation of Uie glass 
state of the material was conducted by using polarized Ught microscope, X ray diffraction 
and electron beam (Effraction. 
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In fhft above described Fi eure 1 , the electron beam diffraction pattern and the 
i?4cSi^^^^^^^ material obtained as A1203: Ln203 =6:1 are weighed, as 

r^^sT^Cl^^^^^ If the Al-Ln-O system, a.e shown. For the electron micr^^^ 
a manufactuied by Nippon Denko Company, 200 kV microscope, was used. Regarding 
the dSon te^^ image, it was projected at an acceleration electnc potentxal 

S 150kV, and it showed a typicrhalo image. The fact that this halo image was obtamed 
indicates that the obtained experimental material is a glass matenal. Reg^ding the 
elStron microscopic image. iVis an image obm^^ 

magnification of 62,000 times. From this image it is seen that there are no intervening 
maSrials present at all and this indicates that the obtained glass matenal is a 
microscopically good glass material. Then, by the observation through a Po\^^dh^^^ 
niicroscope, it is confirmed that even when the experimental matenid is rotated, there is 
no change in the contrast at all. and this indicates that macrosoopically also it is a 
glass material. Also, in Figure 2, the results are shown from a measurement conducted by 
an X-ray diffractometer using CuKa relative to the manufactured glass material after it 
has been subjected to a thennal treatment for the time period as shown in the figure, and 
this studies the conditions of the crystallization. 

As it has been described here above, according to the present invention it is possible to 
suggest a manufacturing method for the preparation of high melt point glass body 
characterized by the fact that a sintered body from a mixed material that is an A1203 - 
Ln203 system (where Ln represents rare earth metal element and yttrium element), 
which is difficult to form a glass state, and which is formed as relative to the fine powder 
raaierial of a-A1203. one type or two or more types of any Ln203 fine powder materials, 
are added, is heated at a temperature of approximately 2500oC or higher, and preferably 
ai a temperature of SOOOoC or higher using an arc plasma flame, and it is melted, and this 
is then rapidly cooled by using for example a method where this molten matenal is 
rapidly cooled in the space between rotating at a high speed cooling rollers and a 
transparent to visible light beam ceramics glass body is obtained continuously. 

Here above, mainly, a practical example was described where La203 was used as the 
Ln203, and also, as the rapid cooling method for the material that has been melted by the 
argon arc plasma, water cooled type, high-speed rotating rollers were used, however, 
after this, as other practical example, there is the example where Nd203 was used as the 
Ln203. and where for the rapid cooUng method, the equipment shown according to 
Figure 7, that has a stnicturc formed from a water cooled piston 26 and an anvil 27, was 
used. 

Regarding the a-A1203 and Nd203 that are used as the material, they are both materials 
where the purity level is at least 99.9 % or higher, and also, they are materials that arc in 
a fine powder form. The mole ratio of both materials, namely. a-A1203:Nd203 = ^ ''}^ 
where x was within the range of 1 and 10. Both materials were well pulverized, mixed 
and combined, and they were subjected to an elevated pressure of 4 ton/cm2. and pellets 
with a thickness of 1 mm and a diameter of 5 mm, were fomied. These peUels were 
sintered in an air atmosphere at a temperature of lOOOoC for a period of 5 hours. The 
pellets 28 of this sintered experimental material were placed inside a manufactured from 
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Cu piston, as shown according to Figure 7, and they were melted by the plasma fl^e 25 
until the expcitmemaJ material formed a spherical shape. While heating by using the 
plasmaflamc25>ewatercooledby the cooling water 30 piston 26 and the 
Sianufacmird from copper anvil 27 are operated by the spnng 31 and the elcctto-magnet 
(not shown in the figure), and the molten material is enclosed in ^^.^^.^f^/^" ™^ 
two and it is rapidly cooled. Moreover, in this case, the above descnbcd plasma flame 25 
is discharged from the plasma torch 32. 

Regarding the produced glass material, at a diameter of approximately 5 mm and a 
thickness of approximately 1 micron, it is a material that is transparent to visible hght 
beam. The glass material obtained from the a-Al203 : Nd203 = 6:1 experimentaJ 
material was subjected to a an orthoscopic observation by the polanzed hght microscopic 
method, in the space between orthogonal Nicol, and the same way as m the above 
described practical example, even if the stage was rotated, there was no change m the 
image contrast. Then, through the X ray diffraction pattern, and the electron beam 
diffraction image, only a halo pattern was observed. Then, when usmg an electron 
microscope, in the bright viewing field image there were no intervemng matenals 
observed. Figure 8 is a diagram presenting the results from the X ray diffraction studies 
of the crystallization phenomenon in the case when the above described Al-Nd-O system 
experimental material was annealed at a temperature of lOOOoC for different number of 
hours (CuKa radiation, (using Ni filter), pulse height analysis). 

From the above described it is confirmed that the isotropic properties possessing 
materials ihat are obtained from the 6otnA1203. Nd203 obtained from each of the above 
described experimental materials, are glass materials- 

4. Brier ExplaBatioD of the Figures 

Figure 1-1 represents the electron beam diffraction pattern (150 kV) of the Al-La-O type 
glass material; Figure 1-2 repfcsents its bright viewing field pattern (x 62500); Figure 2 
represents the results from the measurement of the crystallization of the Al-La-O type 
glass by the X ray diffraction method. Figure 3 represents a photograph of a thin piece of 
the Al-Ln-O type glass material. Figure 4 represents the glass material manufacturing 
equipment according to the first practical example of the present invention. Figure 5 
represents a front view diagram where one part of the inner part of the cooling roller 5 
from Figure 4, has been cut open. Figure 6 represents a schematic diagram showing the 
essential parts of the argon arc plasma generating equipment according to the present 
invention. Figurc 7 is a glass manufacturing equipment related to another practical 
implementation example according to the present invention. Figure 8 is a line chart 
diagram showing the results from the X ray diffraction measurements of the 
crystallization of the same Al-Nd-O type glass. 

1 chuck for the sintered body of the experimental material, 

2*"! sintered rod, 3 argon arc plasma flame, 

4 arc plasma nozzle, 5 cooling roller, 

.experimental material controlling device, 
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7 ....synthesized glass material, 8 glass matcnal 

lecepiacle tniyiQ motor, 10 cooling water entrance 

opening, 11 cooling water exit opening, j^^p^nart 

12 inner part perimeter vicimty, 13 mner part 

axis'vicinity, 14 protective gas nozzle, 

15 protective gas, 16 - discharge 

head 17 cooling water, 18 plasma gas (Ar), 

19 tungsten electrode (-electrode), 20 ....mgh 

frequency, 21 electric source for the pilot arc, 

22 electric souice for the meh radiation arc, 

23[][,.."."y. switch^ 24 arc plasma flame, 

25 .!!.!!!!!..roner (+ electrode), 26 piston, 

27 ; anvil, 28 pellets, 29 .plasma flame, 

3o!! cooling water, 31 spring, 

32 plasma torch. 
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5. Record of the Appended documents 

(1) Description i copy 

(2) Figures Icopy 

(3) Application copy 1 original 

(4) Power of attorney 1 copy 

6. Other than the above described invention authors, patent applicants or 
representatives 

Patent Assignee: (Toho) Research Institute Iron and Steel 

Translated by Alhena Blagev ((651) 735-1461 (h). (651) 704-7946 (w)) 
12/07/04 
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